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a b s t r a c t
Topsoil carbon (C) stocks are known to decrease as a consequence of the conversion of natural ecosys-
tems to plantations or croplands; however, the effect of land use change on subsoil C remains unknown.
Here, we hypothesized that the effect of land use change on labile subsoil organic C may be even stronger
than for topsoil due to upward concentration of plantations and crops root systems. We evaluated soil
labile organic C fractions, including particulate organic carbon (POC) and its components [coarse POC and
ﬁne POC], light fraction organic carbon (LFOC), readily oxidizable organic carbon, dissolved organic
carbon (DOC) and microbial biomass down to 100 cm soil depth from four typical land use systems in
subtropical China. Decrease in ﬁne root biomass was more pronounced below 20 cm than in the over-
lying topsoil (70% vs. 56% for plantation and 62% vs. 37% for orchard. respectively) driving a reduction in
subsoil labile organic C stocks. Land use changes from natural forest to Chinese ﬁr plantation, Chinese
chestnut orchard, or sloping tillage reduced soil organic C stocks and that of its labile fractions both in top
and subsoil (20e100 cm). POC reduction was mainly driven by a decrease in ﬁne POC in topsoil, while
DOC was mainly reduced in subsoil. Fine POC, LFOC and microbial biomass can be useful early indicators
of changes in topsoil organic C. In contrast, LFOC and DOC are useful indicators for subsoil. Reduced
proportions of ﬁne POC, LFOC, DOC and microbial biomass to soil organic C reﬂected the decline in soil
organic C quality caused by land use changes. We conclude that land use changes decrease C seques-
tration both in topsoil and subsoil, which is initially indicated by the labile soil organic C fractions.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction
Land use and land use changes (LULUC) in tropical and sub-
tropical areas, including forest conversion, capitalized agricultural
intensiﬁcation and animal husbandry expansion, represent major
anthropogenic contributions to greenhouse gas emissions (Harris
et al., 2012; IPCC, 2013). Tropical and subtropical Asia concen-
trates the fastest and most dramatic LULUC in the world, mainly as
consequences of rapid agricultural expansion and increasing pop-
ulation pressure (Houghton, 2002; Carlson et al., 2012). The average
rate of deforestation in tropical Asia during the 1990s reached up to
5.6  106 ha yr1, resulting in the emission of 1.0 Pg C yr1 into the
atmosphere (Houghton, 2002).
Tropical and subtropical aboveground biomass has received
much research attention because these regions are highly pro-
ductive with dense C stocks (Lewis et al., 2009; Huntingford et al.,
2013). However, comprehensively studies regarding underground
soil organic C (SOC) content and fractions, lability and response to
land use change remain scarce.
Highly weathered tropical and subtropical soils present the
deepest proﬁles and largest volumes among soils worldwide, ac-
counting for nearly half of the global soil C stock in the top 3 m of
soil (Richter and Markewitz, 1995; Jobbagy and Jackson, 2000).
Unfortunately, most studies on the effect of LULUC on SOC have
focused on the topsoil layer (0e20 cm) being the layer of soil
containing the highest levels of SOC and the greatest microbial
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